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Abstract 
One of the main challenges associated with cold-climate wind energy is icing on wind turbines and a series of icing-
induced problems such as production loss, blade fatigue and safety issues. Because of the difficulties with on-site 
measurements, simulations are often used to understand and predict icing events. In this paper, a new methodology for 
prediction of icing-induced production loss is proposed, from which the fundamentals of ice accretion on wind turbines 
can be better understood and the operational production losses can be more reliably predicted. Computational fluid 
dynamics (CFD) modelling of ice accretion on wind turbines is also performed for different ice events, resulting in a 
reliable framework for CFD-based ice accretion modelling which is one of the key elements in the new methodology. 
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1. Introduction 
Since 2008, the estimated annual wind power capacity placed at cold locations has more than tripled and 
the number is expected to increase in the upcoming years. Wind farms in cold climate areas are exposed to 
harsh conditions resulting in high annual production losses. An example is Vattenfall’s second largest 
onshore wind farm located in Sweden. This wind farm suffers from icing-induced annual production losses 
in the order of 10 % of the total annual production. Losses of this magnitude impact greatly on the 
profitability of the wind farm and can result in devastating commercial consequences. The periods with 
icing occurs regularly through the winter period and range from a couple of hours up to several days and 
even periods of up to 2 weeks of complete standstills has occurred [1]. Due to the relatively short history of 
wind energy in cold climate areas, complete knowledge about the so-called icing issue is still missing. 
In the current research of modelling of icing on wind turbines, two conceptually different types of 
models are applied [3-7]. One is the ice accretion model proposed by Makkonen [2], describing in-cloud 
icing on a vertically placed, freely rotating cylinder. However, icing characteristics on a vertical, freely 
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rotating cylinder are most likely different from icing on a wind turbine blade in circular motion in a vertical 
plane. The other conceptual model is dedicated for simulation of ice accretion on airfoils and has been 
widely used and also validated for aircraft applications [4] [5]. However, it has rarely been used in wind 
energy applications. Moreover, none of the mentioned models has been coupled with numerical weather 
models to address variations in external meteorological conditions during an icing event and none of the 
models appropriately takes ice melting and shedding effect into account so far. 
This project aims to develop a general wind turbine icing model and based on which to derive a useful 
engineering model for power loss prediction. In this paper, a new methodology for predicting icing-
induced power loss is presented. As one of the key elements in the new methodology, CFD-based ice 
accretion modelling is performed for two different cases (i.e., rime icing and glaze icing), from which a 
reliable CFD modelling framework is established. Here, only the key results are briefly presented and 
discussed. Upon request, all the details will be given in an extended version of this paper. 
2. New methodology proposed for prediction of icing-induced production loss 
Schematic 1 shows the new methodology proposed in this project to predict icing-induced production 
loss. The general CFD-based ice accretion model, which is to be coupled with the numerical weather 
forecast model and is to integrate important ice accretion and shedding effects, is the key element in the 
methodology and is the base to derive a new engineering model for icing-induced power loss prediction. 
 
 
Schematic 1. New methodology proposed for prediction of icing-induced production loss 
3. CFD-based ice accretion model 
The general CFD-based ice accretion model mainly consists of the following tasks: (1) clear air flow 
modeling. Reliable modeling of air flow around wind turbine is very important, not only for subsequent ice 
accretion modeling but also for drag and lift prediction from which torque and power production are 
evaluated; (2) water droplet-air multiphase flow modeling and (3) ice accretion modeling. 
Preliminary CFD modelling of different icing events are performed, using ANSYS FLUENT. The 
airfoil used is NACA63-3-418, which has a sharp trailing edge. As seen in Figure 1, the C-grid topology is 
used, since it allows the angle of attack to be varied. The direction to loop the ice accretion model over the 
airfoil surface is also indicated in Figure 1, i.e., counter-clockwise from the trailing edge to the trailing 
edge. In the glaze ice event to be presented in the paper, the LWC is assumed to be a constant of 0.7 g/kg, 
and the median volumetric diameters (MVD) of droplets are assumed to be 25μm and 60μm, respectively. 
In the CFD simulations, different turbulence models (i.e., the Spalart-Allmaras model, realizable k-ε and 
SST k-ω model) are compared for air flow modelling. The Eulerian multiphase model is used for droplet 
flow modelling, since it is applicable to 3D and eases the calculation of the collection efficiency [3]. A 
refined Messinger’s model [4] is constructed for ice accretion modelling and implemented into FLUENT 
via user-defined function (UDF). The ice accretion model is based on an impingement model governed by 
the collection efficiency (β) and heat/mass balances over each control volume at the airfoil surface [5] [6]. 
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In the general CFD-based ice accretion model, the transient buildup of ice on the airfoil surface will be 
modeled, in which the shape of the ice and its impact on local mesh and aerodynamics will be dynamically 
simulated. The force, torque and power production will be calculated during the icing event. At this stage, 
the shape of ice and dynamic mesh are not yet taken into account, since the preliminary CFD modelling is 
mainly to conclude on various sub-models or subroutines and to establish a reliable modeling framework. 
4. Results and discussion 
The predicted drag and lift are plotted in Figure 3, together with experimental data. The SST k-ω model 
is found to outperform the realizable k-ε and Spalart-Allmaras model in the force prediction. 
 
 
  
Figure 1. The NACA63-3-418 airfoil Figure 2. Droplet volume fraction (top) and velocity (bottom) (MVD=25μm)  
 
Figure 2 shows the contours of droplet volume fraction and droplet velocity for MVD of 25μm. The 
droplet collection efficiency (β) is shown in Figure 4, as a function of the cell number. Both curves have a 
sudden break around the peak value, which is supposed to be caused by a lower velocity at the stagnation 
point and the mesh density. The droplet volume fraction is plotted in Figure 5 on the upper and lower side 
of the airfoil as a function of the chord length. 
 
 
Figure 3. Comparison of lift coefficient CL (left) and drag coefficient CD (right) as a function of angle of attack (AoA) 
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Figure 4. Plots of droplet collection efficiency                  Figure 5. Droplet volume fraction on airfoil surface (MVD=25μm) 
5. Conclusions 
A new methodology for prediction of icing-induced production loss is proposed. The general CFD-
based ice accretion model is the key element, which will be coupled with numerical weather prediction 
model and will appropriately address key ice accretion and shedding effects. Preliminary icing simulations 
have been performed. It is concluded that the SST k-ω turbulence model, Eulerian multiphase model and a 
refined Messinger’s model are appropriate sub-models for air flow, droplet flow and ice accretion, 
respectively. They will be integrated in the newly proposed methodology for icing prediction. 
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